Health, Japan-Envisioning a cooling method and aiming at maximum feasibility and simplicity, we designed an experimental intervention-control study based on non-refrigerated water usage, consisting of pouring 2 l of 23.0°C water simultaneously on head and hands for one minute, after every 20 min of exertion. The subjects were 11 fit male individuals between 19 and 26 yr old. Each individual participated in one control and one intervention measurement in a climatic chamber at 35°C and 60% humidity (31.5°C WBGT) on different days. Heart rate, rectal, esophageal, skin and external ear canal temperatures were monitored constantly. Each experiment consisted of 10 min of basal recording followed by 3 intervals of 20 min of cycling and 15 min of rest. Stabilometry and visual reaction time tests were performed before and after each resting period. A questionnaire evaluating equilibrium, concentration, alertness and tiredness was administered at the beginning and at the end of every experiment. Paired t-test analysis revealed significant improvements in subjective parameters (all p<0.05), as well as skin (p<0.05), external ear canal (p<0.01) and esophageal (p<0.05) temperatures during the rest periods. Repeated measurement analysis of variance revealed significant cooling in all the aforementioned temperatures except the esophageal temperature (p=0.28). Other parameters were not significantly different. Our findings indicate that this method has subjective and physiologic positive effects, and thus can be used as a complementary low cost method to cool subjects safely. (J Occup Health 2008; 50: 251-261) 
In some of the least developed countries, up to 80% of the workforce is employed in primary production undertaking heavy physical work, very often in conditions that pose a risk from heat stress and other hazards 1) . Furthermore, lack of resources, inappropriate technology and deficient education often contribute to the perpetuation of this difficult situation in these countries.
Exertional heat exhaustion and exertional heat stroke are common preventable conditions affecting workers, characterized by an increase of the individual's core temperature above 38°C, as a consequence of the transient loss of the capacity to dissipate the amount of heat being produced. Symptoms range from malaise, headache and nausea to multi-organ failure and death. The symptoms vary according to individual factors such as acclimatization 2) , age 3) and hydration 4) , as well as environmental factors such as humidity, radiation, air temperature and wind flow 2) . The quickest and most efficient way known to reduce body core temperature from exertional heat stress is whole body immersion in cold water, although this method's availability and feasibility are considerably limited 5) . A literature review regarding cooling methods for humans revealed an extensive range of garments, such as lightweight ice vests 6) , water cooled jackets and vests 7) and a negative pressure circulating-water palm cooler 8) . These garments were designed for the general population, but their use mainly meets the needs of workers employed in occupations such as firefighting, furnace maintenance, naval disinfections and nuclear power plant maintenance, which usually involve the use of intense heat protection or insulating clothing for nuclear, biological or chemical hazards (NBC). Such garments are usually expensive, ranging from approximately 25 US$ (ice pack poncho) to 3.000 US$ (water cooled jackets). Many would consider this a prohibitive expense for developing industrialized countries such as China, where the average wage for the population involved in agriculture, forestry, fishing and construction is approximately 700 Yuan 9) (approximately 85 US$) per month.
Previous studies utilizing non-refrigerated water obtained significant results regarding core temperature changes for hands 10, 11) or hands and forearms immersion in water 12) , and water spray on NBC insulating clothes 13) . Interventions on the head and face presented significant improvements regarding perception of exertion 14) , comfort 15, 16) and the cooling of tympanic and oral temperatures 17) . Moreover, evidence on the decrease of attention under heat stress 18) , orthostatic intolerance under heat stress and dehydration 19) , and the improvement of the orthostatic tolerance after skin cooling 20) led us to hypothesize that a simple and practical intervention protocol, such as using a determined amount of non-refrigerated water poured on the head and hands of individuals, could serve as a cooling method applicable in under-resourced and remote workplaces where workers experience heat strain. Thus, in recognition of the reality of under-resourced and remote workplaces, the present laboratory study aimed to measure the subjective and objective effectiveness in reducing heat strain of practical and systemized nonrefrigerated water use.
Materials and Methods

Subjects
The subjects comprised 11 male students between the ages of 19 and 26, averaging 21.9 ± 2.1 (SD) yr old, ranging from 162 cm to 178 cm in height, average 170.7 ± 5.3 (SD) cm, weighing from 56 kg to 75 kg, average 64.8 ± 6.4 (SD) kg. All subjects were physically fit, with no pre-existing illnesses reported. Each individual was thoroughly informed about the purpose of the experiment and its practical details at least 24 h before obtaining written consent to participate. This experiment was approved by the Ethics Committee of the University of Occupational and Environmental Health, Japan.
Only male individuals were assessed to avoid the variations in temperature associated with the menstrual cycle, and due to the fact that exertional heat exhaustion and exertional heat stroke occur predominantly in male workers. Activities performed by the subjects were predominantly indoor sports, and the frequency (usually twice per week) did not indicate acclimatization to heat. All subjects were instructed to fast for 8 h prior to the experiment. No ingestion of calories was allowed during the fasting. No fluid intake or toileting was allowed during the experiment.
To control for personal variations we performed a day of control measurements and a day of intervention measurements for all individuals selected. We also controlled for order effect by randomly assigning half of the individuals (n=5) to start with intervention measurements and the other half (n=6) with control measurements.
Experiment protocol
Each individual participated in the experiment in two measurements of 115 min, one with and one without water pouring, performed on separate days under a cycling exercise protocol in a climatic chamber (Model TBL-15FW5CPX, Tabaiespec) at 34.89 ± 0.05 (SD)°C and 59.74 ± 0.09 (SD)% relative humidity and wind speed of 0.15 ± 0.04 (SD) m/s.
After the individual entered the pre-heated climate chamber, 20 min of stabilization were performed before the 115 min recording started. The 115 min consisted of 10 min of basal recording while sitting at rest, followed by 3 periods each of 20 min of cycling and 15 min of sitting at rest. The ergometer (Corrival400, LODE) was set at 75 Watts resistance.
Stabilometry and visual response time tests were performed at the beginning and the end of each resting period. A questionnaire was given before the experiment and again at the end of each experiment.
During intervention days, we poured 2 liters of water onto the head of the subject, using a polyethylene flask held approximately 50 cm above the subject. The subject rubbed his head using both hands during the pouring (Fig.  2) , which lasted for one min (± 5 s) during each of the resting periods following the 20 min exercise, right after the first stabilometry and response time test of the resting period. A circulating water bath (Thermo Regulator CTR-320, IWAKI) maintained the water at 23 (± 0.2)°C until it was utilized. The water temperature was set according to the average of four days of measurements in a previous field study during summer in a tropical region of Brazil 21).
The study was conducted from the 25th of March to the 4th of August (spring and summer in Japan), 2005, from 9:00 to 12:00 h, and 13:00 to 16:00 h according to room availability.
Protocol termination criteria were adopted according to the American Conference of Governmental Industrial Hygienists 22) (ACGIH) as the guidelines for limiting heat strain. Thus, our protocol required that an experiment with any individual be terminated if: 1) The core temperature of an individual exceeded or equaled 38.5°C; 2) Sustained (several minutes) heart rate exceeded 180 beats per minute (bpm) minus the individual's age in years; 3) The recovery heart rate at one minute after a peak work effort exceeded 110 bpm; or 4) An individual showed symptoms of sudden and severe fatigue, nausea, dizziness, or lightheadedness.
Outcome measurements
Body temperatures and heart rate The temperatures were measured by copper-constantan thermocouples placed on the rectum and esophagus, and taped to the skin surface of the forehead, chest, forearm, hand, thigh, calf and foot. In addition to the body temperatures measured at the above sites, we also monitored the external ear canal temperature to evaluate the intracranial temperature. A thermocouple was installed through a soft foam earplug (3M® 1120/37062, 3M), emerging 2 mm from the proximal extremity, and inserted approximately 2.5 cm (± 0.5 cm) into the ear canal to measure the temperature of the air between the tympanic membrane and the earplug. The average skin temperature was calculated as proposed by Hardy and DuBois (1937) 23) . All temperatures registered were digitally recorded every 5 s for 115 min. A 3-derivation electrocardiogram (Bioview1000, NEC) measured heart rate, and digital recording was performed in 5 s intervals.
All records with regard to body temperature and heart rate were monitored and stored through an analog digital converter (Remote Scanner DE1200, Sartorius) located next to the chamber. Noise, defined as temperatures below 23°C and higher than 42°C, was excluded from the temperature data. Stabilometry Stabilometry with the eyes closed and arms close to the body was performed inside the chamber. The stabilometer (Stabilometer 1G06-Nihondenkisanei Co. Ltd.) measured the body sway for 1 min each time it was performed. The data were recorded digitally 600 times per minute through a data acquisition system (Intercross 410-Intercross Co. Ltd.) and stored in a computer (Compaq nc6000-Hewlett-Packard Co.) located inside the chamber, using the software Intercross 310 V3.3 (Intercross Co. Ltd.). The outcome measures analyzed were: total length generated by the body sway; the body sway's radius; and body weight. These parameters are thoroughly described by Hufschmidt et al. (1980) 24) , Araki et al. (1996) 25) and Takala et al. (1997) 26) . Visual reaction time A computerized visual test performed inside the chamber using Multi Stim BOX MB-71 (Multi Trigger System) and a triangular white image in 4 different positions was performed to observe possible alertness impairments caused by the heat exposure and the intervention.
At the beginning of each test, the position of the white triangle was randomly selected and set as the positive answer. The subject, sitting about one meter away from the monitor, was instructed to press a trigger as quickly as possible if the determined image flashed on the screen. The remaining positions were utilized as confounders, in response to which the subject should not press the trigger. The time lag between images and their order were randomized in every trial. The positive image would appear 50% of the time, and the confounders the remaining 50%, in total 40 flashes within 1 min interval.
Mistakes were recorded and the time lag between the correct image appearance and the trigger activation were measured digitally in milliseconds. Questionnaire T h e q u e s t i o n n a i r e a s s e s s e d i n d i c a t o r s o f acclimatization and physical activity based on the ACGIH criteria for acclimatization 22) , and also assessed symptoms of heat stress in the past and during the experiment. Selfperceived equilibrium, self-perceived concentration capacity, self-perceived alertness and fatigue were evaluated at the end of the second day of the experiment. Apart from the symptoms and descriptive data of acclimatization and physical activities, all other questions utilized a 40 mm visual analogue scale 27) , ranging from "much worse" to "same" to "much better", respectively located at -20 mm, 0 and +20 mm on the scale.
Statistical analysis Body temperatures and heart rate
After dividing the data into resting and exercise periods, we considered the average of the last 5 min from each interval in order to observe the maximum effect from the cooling in the resting periods and the maximum heating effect from the exercise. Control and Intervention groups were compared through Repeated Measurement Analysis of Variance (RmANOVA) for the entire protocol time course, and paired-t tests of intervention versus control for each of the 5 min intervals described above. We decided to control for possible influences of baseline values, so we performed the same aforementioned analysis using the values obtained from the differences between each temperature minus their respective baseline value.
Stabilometry and body weight
We calculated the total length generated by the body sway, the body sway's mean square area, and the anteroposterior and lateral components of sway, and analyzed them by comparing between the control and intervention groups through RmANOVA. The body weight of the intervention and control groups was compared by a paired t-test of the difference between the average of the first and the last values obtained from the stabilometer body weight data.
Visual reaction time
Visual reaction time test results from intervention and control were compared by RmANOVA of the difference between the pre-intervention measurements and the postintervention measurements for each resting period. The error rate comparison between the control and intervention groups was calculated by paired t-test analysis using the values obtained after the intervention. Questionnaire Differences in the questionnaire outcome measures between the intervention and control group were compared by paired t-test.
Statistical software information
Repeated measurement ANOVA and paired t-tests were performed using the software Statview 5.0 (SAS Institute) with two-sided significance levels of p≤0.05.
Results
Temperature and heart rate measurements
One individual satisfied the criteria for protocol termination, thus the total number of subjects considered in the calculations was 10. Figure 4 shows all average values of core, skin and external ear canal temperatures, and heart rate.
The RmANOVA, revealed statistically significant differences between the control and intervention groups in the resting periods for external ear canal temperatures (p<0.001) (Fig. 5 ) and average skin temperature (p=0.010), mainly due to the influence of forehead (p=0.006) and hand (p<0.001) skin temperatures. T-test analysis of each 5 min period revealed statistically significant differences between the control and intervention groups in all of the aforementioned body temperatures in all resting intervals, plus: 1) Esophageal temperature (Rest 3, p=0.047); 2) Thigh temperature (Rest 2 and Rest 3, p=0.021 and p=0.042); and 3) Foot temperature (Rest 2 and Rest 3, p=0.012 and p=0.016). Other temperatures and heart rate did not present significant differences in the resting periods. The ear canal temperature of the first exercise period (p=0.047) and the hands skin temperature of the second exercise period (p=0.012) showed differences during exercise that were statistically significant. Differences in other temperature and heart rate values were not statistically significant.
In order to control for possible differences in temperature at the beginning of the experiment, we decided to perform the same analysis as described above using the values obtained by the subtraction of baseline values from each of the corresponding temperatures. A few changes were observed as shown in Table 1 , which presents average values for all temperatures and their respective standard deviations and p values.
Stabilometry and body weight
Due to one technical problem encountered with the stabilometer interface we were not able to record one individual's data during the experiment. Thus, the total number of subjects analyzed was 9. Statistically significant differences between control and intervention were not observed for any of the parameters analyzed.
As a parallel finding, we observed a statistically significant improvement in the total distance generated by the body sway between the baseline measurement interval and the interval after the first 20 min of exercise using ANOVA (p=0.05), revealing an improvement after exercise. The average for the pre-exercise group was 93.86 ± 19.11 (SD) cm, and the average for the post- exercise group was 81.81 ± 16.38 (SD) cm.
Body weight was also recorded from the stabilometry measurements. We calculated the weight variation for each protocol by subtracting the final weight from the starting weight. The resultant data were compared through t-test analysis, and we identified a tendency of reduction in the body weight variation in the intervention group ( Table 2 ). The average of the weight loss variation for the control group was 0.75 ± 0.44 (SD) kg, and 0.68 ± 0.29 (SD) kg for the intervention group (p=0.054). The rate of weight loss reduction through the intervention was 40 g/h.
Visual response time test
Due to the necessity to increase the difficulty of this test protocol during the experiment, we excluded 2 individuals from our analysis. Thus, the total number of subjects in this analysis was 8.
The analysis between the intervention and control groups for the visual response time test revealed no significant difference between the control and intervention groups for the time lag (p=0.256) and errors (p=0.871). The average time lag difference decreased 5.4 ± 22.7 (SD) ms in the control group and increased 0.03 ± 25.7 (SD) ms in the intervention group. No significant difference was observed between the intervention and control groups with regard to error rates (Table 2) .
Questionnaire
The subjective evaluation of tiredness was adjusted by subtracting the reported tiredness level at the beginning of each protocol. When comparing the intervention and control groups through paired t-test (Table 2) , significant results for all subjective parameters were found: Equilibrium (6.39 ± 5.24, p=0.006); Concentration capacity (Average 6.72 ± 4.44 (SD) mm, p=0.002); Alertness (Average 4.72 ± 5.67 (SD) mm, p=0.037); Tiredness (Average 7.61 ± 5.03 (SD) mm, p=0.002).
Discussion
Temperature measurements revealed a local, but significant decrease in the skin temperatures and external ear canal, which was sufficient to modify esophageal temperatures.
The forehead and hands were directly cooled by the water pouring. External ear canal circulation is influenced partially by the posterior auricular artery, a superficial branch of the external carotid artery, thus the decrease in the external ear canal temperature was caused by cooling of its circulation, indirectly cooled through the adjacent structures in contact with the poured water. The discrepancy between the core temperature levels and the external ear canal temperature in our findings indicates that the external ear canal temperature cannot be used as a surrogate of the core temperature when the environmental conditions influence the anatomic area directly.
The thigh and foot temperatures were found to be significantly different in some instances, although the reasons are unknown. The difference could have been caused by spills of water on the foot surface and the placement of a cooled hand on top of the thigh sensor.
The reason for the discrete change in the esophageal temperature in the third resting period is unknown, although it may be explained by the tendency we observed in the body weight. Dehydration would decrease the peripheral baroreceptors' responsiveness and increase cardiovascular strain due to redistribution of blood to warm the skin, as described by Journeay et al. 28) and demonstrated by another research conducted by Carter III et al. 29) , in which a significantly different esophageal temperature was observed between controls and a dehydrated group (4% weight loss) in resting conditions after exercise in heat. Another possible explanation is that average skin temperature was significantly lower, which might have been reflected in the esophageal temperature through cooled blood from the skin surface circulation remaining cooled after mixing with portal blood, muscle blood, and the perfusion through lungs.
To understand the potential effectiveness of our intervention, we performed a preliminary test under the same experimental protocol to determine the amount of calories dissipated to the water through convection. The total variation produced by the intervention, excluding the environmental influence, was 3.58 Kcal/intervention, which would be equivalent to reduction of 0.06°C for an individual weighing 70 kg. We did not observe statistical differences in core body temperatures in our experiment, but we were able to detect a tendency in the reduction of body weight loss, which indicated a reduction in sweat loss caused by heat stress.
The heart rate presented no significant difference, although the tiredness sensation was significantly improved, possibly replicating the results presented by Armada-da-Silva et al. (2003) 14) with regard to perception of exertion, or possibly reflecting the attenuation of selfperceived tiredness through better comfort during exercise 15, 16) . Other factors, such as the influence of hydration on the overall tiredness sensation, should be considered, since the forehead is a skin surface very sensitive to cooling and possesses a sweat rate 3.3 folds higher than the normalized sweat rate of the body, as indicated by Crawshaw et al. 30) . Crawshaw et al. also showed that the forehead is very sensitive to cooling, and the forehead sweat rate suffers a higher modification once cooled when compared to other parts of the body. Furthermore, our findings reveal a tendency of improvement in the body weight loss, which might have been caused by the aforementioned sweat reduction in the forehead area. This sweat loss reduction might influence the overall hydration status in a whole work day and therefore influence the incidence of health impairments such as heat exhaustion 31) . By studying the relationship between skin cooling and orthostatic tolerance, Wilson et al. (2002) 20) observed that skin cooling would help to maintain the cerebral blood flow, which naturally decreases under heat exposed tilting. During the procedure of washing the head, the subjects experienced tilting for at least 1 min. Although no significant differences were observed between the intervention and control groups in the stabilometry analysis, we were able to detect a parallel finding of a clear improvement in the stabilometry performance after exertion. This finding complements studies in which a significant difference was observed between treadmill and ergometer cycling 32) (impairment: treadmill>cycling), and between running and walking 33) (impairment: running>walking), probably due to the stress of proprioceptive, vestibular and visual inputs caused by excessive head movements. The balance improvement after exercise has not been described before in the literature by comparing non-exertion and exertion without head sway. The improvement was probably a consequence of warm-up of the leg muscles and tendons and the increase in blood flow. Therefore, cycling could be recommended to warm up the muscles without compromising balance.
Chia and Teo detected a slower reaction time in patients who suffered from heat exhaustion 34) . Our findings were focused on immediate evaluations of reaction time in individuals who had not experience heat stroke or previous dehydration, and they did not show any significant impairment in reaction time. The difficulty of the tests, the intensity of heat applied, exertion and gender 35) may play an important role in the detection of such alterations.
Conclusions
The objective of this study was to analyze the effectiveness of a head wash cooling intervention using non-refrigerated water in reducing heat stress, while respecting the limitations of under-resourced and remote workplaces.
Cool water poured on the head (2 l at 23°C) repeated every 20 min between physical exertion (75W) in hot and humid environmental conditions (35°C, 60% relative humidity) decreased ear canal temperature and skin temperatures at the forehead and hands. It did not change A statistically significant improvement in comfort was observed through better subjective equilibrium, better subjective concentration capacity, better subjective alertness and better subjective tiredness. Thus, we conclude that this intervention can be used as a complementary method to decrease heat strain and increase comfort in hot environments, while keeping costs low and meeting infrastructure demands. Considering the scarce research on feasible heat stress prevention strategies, we encourage further research on the development and impact of this simple intervention on heat related illnesses and other heat-related sequelae.
